1. [2-3H,U-14C1-or [3-3H,U-]CI-Lactate was administered by infusion or bolus injection to overnight-starved rats. Tracer lactate was injected or infused through indwelling cannulas into the aorta and blood was sampled from the vena cava (A-VC mode), or it was administered into the vena cava and sampled from the aorta (V-A mode). Sampling was continued after infusion was terminated to obtain the wash-out curves for the tracer. The activities of lactate, glucose, amino acids and water were followed. 2. The kinetics of labelled lactate in the two modes differed markedly, but the kinetics of labelled glucose were much the same irrespective of mode. 3. [U-14C]lactate in the A-VC and V-A modes respectively. We calculated, correcting for the dilution of '4C in gluconeogenesis via oxaloacetate, that over 70% of newly synthesized glucose was derived from circulating lactate. 8. Recycling of 3H between lactate and glucose was evaluated. It has no significant effect on the calculation of the replacement rate, but affects considerably the areas under the wash-out curves for both 12-3H1-and [3-3HI-lactate, and calculation of mean transit time and total lactate mass in the body. Corrected for recycling, in the A-VC mode the mean transit time is about 3 min, the lactate mass about 50mg/kg body wt. and the lactate space about 65% of body space. The V-A mode yields a mass and lactate space about half those with the A-VC mode. 9. The area under the wash-out curve for f 14Cllactate is some 20-30 times that for [3H]lactate, and apparent carbon mass is 400-500mg/kg body wt. and presumably includes the carbon of glucose, pyruvate and amino acids, which are exchanging rapidly with that of lactate.
3H-labelled lactate differed markedly from those for [U-t4C] lactate. Isotopic steady state was attained in less than 1 h of infusion of [3Hllactate but required over 6h for [U-'4C] lactate. 4. 3H from [2-3Hllactate labels glucose more extensive than does that from [3-3H] lactate. [3-3H] Lactate also labels plasma amino acids. The distribution of 3H in glucose was determined. 5. Maximal radioactivity in 3HOH in plasma is attained in less than 1 min after injection. Near-maximal radioactivity in [14C] glucose and [3Hlglucose is attained within 2-3 min after injection. 6. The apparent replacement rates for lactate were calculated from the areas under the specific-radioactivity curves or plateau specific radioactivities after primed infusion. Results calculated from bolus injection and infusion agreed closely. The apparent replacement rate for [3Hllactate from the A-VC mode averaged about 16 mg/min per kg body wt. and that in the V-A mode about 8.5 mg/min per kg body wt. The apparent rates for ['4C lactate ('rate of irreversible disposal') were 8 mg/min per kg body wt. for the A-VC mode and 5.5 mg/min per kg body wt. for the V-A mode. Apparent recycling of lactate carbon was 55-60% according to the A-VC mode and 35% according to the V-A mode. 7. The specific radioactivities of [U-'4C]glucose at isotopic steady state were 55% and 45% that of [U-14C] lactate in the A-VC and V-A modes respectively. We calculated, correcting for the dilution of '4C in gluconeogenesis via oxaloacetate, that over 70% of newly synthesized glucose was derived from circulating lactate. 8. Recycling of 3H between lactate and glucose was evaluated. It has no significant effect on the calculation of the replacement rate, but affects considerably the areas under the wash-out curves for both 12-3H1-and [3-3HI-lactate, and calculation of mean transit time and total lactate mass in the body. Corrected for recycling, in the A-VC mode the mean transit time is about 3 min, the lactate mass about 50mg/kg body wt. and the lactate space about 65% of body space. The V-A mode yields a mass and lactate space about half those with the A-VC mode. 9. The area under the wash-out curve for f 14Cllactate is some 20-30 times that for [3H] lactate, and apparent carbon mass is 400-500mg/kg body wt. and presumably includes the carbon of glucose, pyruvate and amino acids, which are exchanging rapidly with that of lactate.
In the preceding paper (Katz et al., 1981) we labelled lactate and sampling. We have also shown showed the marked dependence of the tracer kinetics the large difference in the kinetics of 3-3H-and of lactate on the sites of administration of the U-'4C-labelled lactate. In the present paper we : To whom correspondence should be addressed.
present studies with lactate labelled in position 2 or 3 with 3H and uniformly with 14C, administered by continuous infusion or bolus injection, and the calculations of apparent replacement rates, mass of body lactate, recycling of lactate carbon and tritium, and the contribution of lactate to glucose synthesis. Results obtained by different modes of tracer administration and sampling are compared. The merits and limitations of 3H and 14C as tracers for lactate turnover in vivo are discussed.
Methods
Experimental design Male rats of the Sprague-Dawley strain (body wt. 250-300g) starved for 20h were used. Two indwelling catheters were implanted in each rat 4-5 days before experiments, as previously described (Katz et al., 1974b) . In most experiments there were implanted a venous cannula terminating in the vena cava and an arterial cannula terminating in the aortic arch. In one series of experiments two arterial cannulae were implanted, one in the aortic arch and another through a femoral artery terminating in the descending aorta, just above the iliac bifurcation. The position of the catheter tips was ascertained at the end of the experiments. Three modes of tracer administration by primed continuous infusion were employed: (a) infusion into vena cava, sampling from the aortic arch (V-A mode); (b) infusion into aortic arch, sampling from the vena cava (A-VC mode); (c) infusion into lower aorta and sampling from the aortic arch (A-A mode). In bolus injection, injection and sampling was in either the V-A or the A-VC mode. In some experiments sampling and collection of blood was from the same cannula in the aortic arch. Rapid tracer injection in a volume of about 0.1 ml was followed by about 1 ml of saline to rinse the cannula. Collection of blood was begun within 3-4 s after injection. Results obtained by this procedure were identical with those obtained by the A-VC mode and are grouped together with those of the A-VC mode.
Labelled compounds [2-3H] Lactate was prepared by reduction of pyvurate with NAD3H essentially as described by Rognstad (1970) . [3-3HlLactate was prepared as described in the preceding paper (Katz et al., 1981 by the action of transaldolase in the presence of excess of fructose, which serves as dihydroxyacetone donor. The labelled fructose 6-phosphate was converted into [4-3Hlglucose 6-phosphate by phosphohexose isomerase. The whole reaction sequence up to the hexose phosphate mixture was performed as a single step in one reaction mixture, with the use of commercially available enzymes, without isolating NAD3H or any other intermediates. The mixture containing the hexose phosphates was hydrolysed with acid phosphatase, and glucose was isolated by paper chromatography. Other labelled compounds were purchased from New England Nuclear (Boston, MA, U.S.A.).
Degradation
Glucose formed from [2-3H1-and [3-3H]-lactate was isolated and degraded to obtain the 3H content of positions 1, 6 and 4. 3H on position 6 was determined as the formaldehyde dimedone derivative after periodate degradation as described by Bloom (1962) . 3H on position 1 was obtained as water after oxidation of glucose with glucose oxidase and catalase. The labelled water was separated by passage through tandem ion-exchange columns as described previously (Katz et al., 1981) . 3H on C-4 was obtained by difference.
Results
We describe first the general characteristics of the kinetics of 3H-labelled and "4C-labelled lactate and of their products. Subsequently we present our calculations of the apparent replacement rates and mass, recycling and other parameters of lactate metabolism in the A-VC and V-A modes. In the two modes the patterns obtained with 3H-labelled and "C-labelled lactate differ very markedly. The labelled products found in plasma derived from
[14C]lactate were, apart from 14CO2 and pyruvate, which were not determined, glucose and amino acids. The amount of 14C in oxo acids or other products was very low. The amino acid fraction was examined in a few trials by paper chromatography. Over half of the 14C was present in alanine, and the rest nearly all in glutamine and glutamic acid. By far the greatest amount of activity from 3H-labelled lactate was recovered in water, but there was significant incorporation of 3H from both [2-3H] lactate and [3-3Hllactate into glucose. 3H from [3-3Hllactate was incorporated into amino acids, but little if any from [2-3Hllactate.
Confusion infusion
In the preceding paper (Katz et al., 1981, Fig. 2 we use a priming dose equivalent of 150-180min, followed by 150min of infusion. Since the glucose concentration in plasma is much greater and more stable than that of lactate, the specific radioactivity of glucose can be measured with greater precision, and constant specific radioactivity of glucose is the best criterion of isotopic steady state.
In Fig. 1 we present the average specific radioactivities in lactate and glucose after primed infusion of [2-3H,U-14C]-and [3-3H,U-'4C1-lactate in the conventional V-A mode (infusion into vena cava, sampling from the aorta), and in Fig. 2 in the reverse A-VC mode (infusion into aorta, sampling from the vena cava). After termination of the infusion, sampling was continued to obtain the wash-out curves. There are marked quantitative differences in the plateaus and slopes between the two modes (explored in more detail in the Discussion section), but the overall kinetic patterns and distinctions between the 3H and 14C specific-radioactivity curves cd-,0.10 Fig. 3 presents the total radioactivities in plasma for the experiments of Fig. 2 . The incorporation into amino acids is also shown in Fig. 3 . At isotopic steady state the radioactivity in plasma glucose exceeds that in lactate for all tracers. In wash-out the radioactivity in 3H-labelled glucose becomes very much greater than that in lactate.
Single injection
In the preceding paper (Katz et al., 1981) Fig. 4 we present our average results with single injection in this mode, reporting total rather than specific radioactivities in plasma. Maximal specific radioactivity in the A-VC mode was attained 9-15 s after injection (as compared with 3-5 s in the V-A mode), the maximal specific radioactivity is one-fifth of that obtained in the A-V mode, and the initial decay is much slower (compare with Fig. 1 of Katz et al., 1981) . The specificradioactivity curves for [2-3H1-and [3-3H1-lactate were essentially the same. The specific radioactivities of 3H-labelled and "4C-labelled lactate diverged at about 1 min after injection. The maximal radioactivity in water was attained within 1 min after injection in the A-VC mode, just as in the V-A mode (Katz et al., 1980) . The curves for the specific radioactivity of glucose showed a rather flat maximum in the ranges 2-4 min for [3Hlglucose and 4-8 min for [14C] glucose. In some experiments maximal radioactivity in [14C] glucose was attained at less than 3 min. The maximal specific radioactivities in amino acids from [3-3H1-or [14C]-lactate were attained very rapidly, less than 1 min after injection.
The turnover of lactate is very rapid. By 5 min after injection 75-80% of the total 3H radioactivity in plasma is in water, 10-15% in glucose and/or amino acids, and some 8% in lactate. Since the water space is likely to be larger than the lactate space, it appears that 90% or so of the injected dose has been detritiated by 5 min. With 14C at 5 min after injection lactate accounts for only 15-20% of the total radioactivity in plasma. 
Replacement rate
We summarize below our data for the calculations of the apparent replacement rates of lactate obtained in the A-VC and V-A modes. The conventional method to calculate replacement rate for continuous infusion (the apparent replacement rate, R, equals infusion rate/plateau specific radioactivity) and for bolus injection (R equals injected dose/area under the specific-radioactivity curve) are used. We present throughout the observed range, the mean and the standard error of the mean.
In Table 1 the average values and ranges for plateaus of lactate and glucose obtained in continuous infusion in the A-VC and V-A modes are presented. In the A-VC mode the specific radioactivity of [2-3Hllactate was somewhat higher than that of Katz et al., 1981) .
The results with single injection are summarized in Table 2 . Of the six experiments listed in the A-VC mode, three were performed by injecting into the aorta and sampling from the vena cava, and three experiments were performed by injecting into and sampling from the aorta (see the Methods section). Sampling was commenced some 3 s after the injection of labelled lactate. The time of maximal specific radioactivity was the same, and the curves for the two procedures were indistinguishable. For single injection this procedure has t e advantages of having a single cannula, and p'rmitting rapid sampling.
Measuring of the areas is difficult, especially in the V-A mode. Maximal specific radioactivities occur very early, the decay is extremely rapid and with 3H-labelled lactate three-quarters or more of the total area is subtended in the first 2 min after injection (see Katz et al., 1981) . It 
We found that the approach of Kallai-Sanfacon et al. (1978) was applicable to our results in the V-A mode. In Fig. 5 we present the results of doublelogarithmic plots of our data. There was linearity for [3Hllactate from 0.1 up to 60min, with the function S.A. = 140t-"-29. The curve for [U-_4C]lactate coincided for the first min with that for [3Hllactate, and beyond that was approximated by the function S.A. = 140t-0°85. Beyond 60min the specific radioactivities deviated from the logarithmic curve. tmax in arterial blood was determined in a series of experiments and ranged from 3 to 5s. We thus determined the area by dividing it into three segments. The area from 0 to tmax was measured as a triangle, that from tmax to 60 min by integrating the power function, and the tail end beyond 60 min was estimated by fitting a mono-exponential function and integration to infinity. In the A-VC mode the fit to Table 4 ). Sampling was from the aortic arch. This procedure, designated the A-A mode, differs from the A-VC mode primarily in that the first passage of the tracer does not include the splanchnic bed and liver and kidneys, the sites of glucose synthesis.
As is apparent from Tables 1 and 2 , there was a considerable variability between animals in lactate concentration and in the rate of replacement. We noted that animals with the highest plasma lactate concentrations showed high replacement rates. In Fig. 6 Recycling of lactate carbon and the contribution of lactate carbon to glucose The apparent replacement rates (averaging continuous infusion and injection) for 3H and 14C in the A-VC mode are 17 and 8 mg/min per kg body wt. respectively, and hence the recycling of lactate carbon in this mode is 100 x (17-8)/17 = 53%. The corresponding value for the V-A mode is 100 x (8.6-5.6)/8.6 = 35%. This method for calculation of recycling of glucose carbon was introduced by Katz et aL (1974a) for glucose. It was widely adopted as a method for the calculation of the Cori cycle. This is not correct (see Katz et al., 1976 Katz et al., , 1979 . Recycling of glucose carbon is not the rate of reconversion of lactate into glucose. To illustrate this, assume that 100% of catabolized glucose is converted into lactate, and this in toto is reconverted into glucose (100% Cori cycle). However, owing to influx or exchange of carbon from other sources into oxaloacetate the 3H/14C ratio and recycling will be less than 100%. However, it is likely (for most cases) that the greater the operation of the Cori cycle the greater the fraction of carbon recycled.
The contribution of lactate carbon to glucose carbon may be obtained from the ratios of specific radioactivities at isotopic steady state (Table 2) or from the ratios of areas under the respective specific-radioactivity curves (Table 3 ). The ratios in continuous infusion did not differ too greatly for the two modes, being 0.55 in the A-VC mode and 0.45 in the conventional V-A mode. The same ratio (0.45) was obtained from single injection in the V-A mode, but a higher ratio (0.67) for the A-VC mode (Table 2) .
It is well known that in the conversion of [14C]lactate into glucose there is a substantial dilution of the carbon of oxaloacetate and phosphoenolpyruvate by dilution with carbon influx from the tricarboxylic acid cycle (see review by Katz, 1979) . In isolated hepatocytes from starved rats the rates of gluconeogenesis from lactate obtained by direct analysis are 30-50% higher than those calculated from isotopic yields in glucose. Hence the correction for dilution is by a factor of 1.3-1.5. By applying the same correction in vivo to the A-VC mode we estimate that lactate contribution to gluconeogenesis is in the range 70-85%.
Even for the V-A mode the lactate appears to be the precursor of 60-70% of newly synthesized glucose.
Virtually all other workers, using the V-A mode, obtained much lower estimates for the contribution of lactate carbon to glucose than in our studies. For example, 10% (Depocas et al., 1969) and 17% (Forbath & Hetenyi, 1970) in dogs and 17% in rats (Freminet & Poyart, 1975) have been reported. It is possible that in continuous infusion there was frequently a failure to attain isotopic steady state because it was not realized that the terminal slope of the [14Cllactate specific-radioactivity curve is small.
Incorporation of 3H into glucose
The yield of tracer in glucose was much the same in the A-VC mode as in the V-A mode, but the ratios of specific radioactivity at isotopic steady state of glucose to lactate were higher in the A-VC mode. In this mode the ratios were 0.55 for [U-14C] Rognstad & Wals (1976) attributed this to the loss of 3H from the [3-3Hlpyruvate by the reversible transaminase reaction. The labilization of 3H in this reaction was described by Oshima & Tamiya (1961) . Recycling between pyruvate and phosphoenolpyruvate would also account for the lowered 3H yield in glucose. Since after injection of [6-3H,6-'4C]glucose in rats the 3H/14C ratio in lactate is much the same as that in circulating glucose (Dunn et al., 1968;  phate, so that 3H is retained on C-4 of hexose phosphates and glucose. In a second pathway, via the reduction by oxaloacetate in the reversible malate dehydrogenase reaction followed by the reversible dehydration to fumarate, 3H appears on C-2 and C-3 of fumarate. By the reverse of this reaction sequence 3H labels stereospecifically one of the hydrogen atoms on C-3 of oxaloacetate and on C-3 of phosphoenolpyruvate, appearing on C-6 and C-1 of fructose 6-phosphate. However, in the isomerization to glucose 6-phosphate the 3H on C-1 is stereospecifically lost, so that 3H appears only on C-6 of glucose.
3H from [3-3H] pyruvate labels both hydrogen atoms on C-3 of phosphoenolpyruvate and on C-1 and C-6 offructose 1,6-bisphosphate. Half of the 3H from C-1 is lost in the isomerization of fructose 6-phosphate into glucose 6-phosphate, so that the 3H yield on C-6 and C-I of glucose should be 2: 1. Also, 3H from oxaloacetate, via the set of reversible reactions described above, labels stereospecifically the hydrogen atom on C-3 of malate. This is transferred to NADH in the malate dehydrogenase reactions, and by pathways described above will introduce 3H mainly into position 4 and to a smaller extent into position 6 of glucose. Our experimental results are too limited to justify a more rigorous procedure such as deconvolution, and these are only rough but probably adequate approximations.
The specific radioactivity of [3Hllactate corrected for recycling is shown by the broken line in Fig. 2 . The correction is of the order of 5% for the specific radioactivity at isotopic steady state, but the corrections have a highly significant effect on the areas under the wash-out curves and their terminal slopes. In bolus injection corrections for recycling decrease the terminal slope (tail) of the lactate specific-radioactivity curves, but have a negligible effect on the area under the curve. The areas under the wash-out curve provide an estimate of mean transit time and total body lactate mass, and, as shown in the next section, recycling of 3H has a marked effect on these calculations.
Mean transit time and mass
Mean transit time, t, and total lactate mass (the product of t and the replacement rate R) can be calculated graphically only for a model with injection and sampling from the inlet-outlet compartment of a mammllary system, or in a non-compartmental system, when sampling is from the single outlet (see Katz et al., 1981) . The simplest method is from the wash-out curve after continuous infusion, since:
Area under wash-out curve t = Plateau specific radioactivity The area must be evaluated from the time infusion is stopped to infinity. In Table 3 we present the areas of the wash-out curves in both modes, without and with corrections for recycling. The area was obtained graphically for the segment up to 20min, and by exponential extrapolation beyond 20min. In the corrected curves the latter segment accounted for only a few percent of total area.
The corrections for recycling increased the replacement rates by about 5%, but they decreased the areas of the wash-out curves by 30-40% (Table  3 ). The corrected value for mean transit time in the A-VC mode was about 3 min, yielding a total body lactate mass of 48mg/kg body wt. In the V-A mode the apparent mean transit time was smaller, mainly because of the higher plateau specific radioactivity, and calculated apparent mass was, after correction for recycling, 20mg/kg body wt. The lactate concentration in plasma ranged quite widely in our experiments, averaging for all experiments about 0.085 mg/ml of plasma. Thus the 'lactate space' in the A-VC mode averages to a value some 66% of body weight but only 24% for the V-A mode. However, variability was high, with the range for nine experiments for the A-VC mode being from 41 to 90% of body space. The percentage body water in all our experiments with single injection was calculated from the final 3HOH content of plasma. It ranged from 79 to 91%, with an average of about 85%. Similar results were observed by us previously for overnight-starved lean rats . This water includes also that in the gut and bladder.
A higher mean transit time, 4.3 + 0.7 min, was obtained when tracer was infused into the descending aorta (A-A mode) (Table 4) , corresponding to a lactate mass of 73 mg and a lactate space of 85%. The number of experiments in these modes was limited (four rats), and lactate concentration and mass were quite variable (from 36 to 1 lmg/kg body wt.), so that it is difficult to assess whether the difference in transit time between the A-VC and A-A modes is significant.
The estimation of mean transit time from curves in single injection requires the evaluation of the integral fo S.A.. t.-dt (Katz et al., 1974a) . The evaluation of this integral is very sensitive to the values of the specific radioactivities when t becomes large. The evaluation of the terminal slope is experimentally rather difficult and subject to considerable error. Evaluation of the integral, not presented here in detail, gave average values in reasonable agreement with those of Table 3 , but the variability and standard error were large, and the results are not presented here.
In Table 3 we present also the apparent mean transit times for [U-14C]lactate in the two modes.
The transit times were of the order of 1 h, greater than those calculated for glucose (Katz et al., 1974b) . The apparent mass of lactate carbon of the A-VC mode ranged from 350 to 740mg/kg body wt. (mean about 500mg/kg body wt.). This must include not only the mass of carbon of lactate, pyruvate and alanine, which are likely to equilibrate readily, but that of glucose. The total mass of these carbon sources is not likely to exceed 350 or at most 400mg/kg body wt. It may include the same carbon in glutamate, glutamine and some rapidly turningover proteins, but this remains to be established.
Discussion

3H and 14C as tracersfor lactate
The merit of 3H as a tracer is that it may serve as an irreversible label, which is not re-incorporated back into the mother compound (see Katz et al., 1974a) . Such a tracer would be especially valuable for lactate, where recycling of carbon is very extensive. The use of 3H may, however, pose problems with some types of labelling. It was realized with [2-3Hlglucose that detritiation may be in part due to futile cycling in liver, so that 3H loss, though a measure of glucose phosphorylation, overestimates net glucose uptake (Katz, 1979 Normalizing so that the specific radioactivity at plateau or zero-time intercept is unity, the two curves would have the same exponents, and coefficients of 0.6 and 0.04 for the unprimed infusion or wash-out curve, and 0.94 and 0.06 for bolus injection. Obviously a reliable experimental estimate of the early and terminal part of the bolus curve would be subject to a much greater error than in the wash-out curve.
In Table 6 we summarize the coefficients and exponents for the wash-out curves for the A-VC and V-A modes. The curves were obtained by manual curve peeling. When the 3H specific-radioactivity curves were corrected for recycling (see above), the specific radioactivities beyond 30 min became negligible. The wash-out curves for 3H-labelled and 14C-labelled lactate were best represented by three exponentials, although the mass of carbon was much larger. As estimated from the area of the wash-out curves (Table 3 ) the mass corresponding to the [3Hllactate specific-radioactivity curve was, whatever the mode, about one-tenth of the mass from the [U-14Cllactate specific radioactivity curve. An association of the number of exponents to an equal number of discrete pools seems to be untenable, and the kinetic parameters are considered mainly as a means to describe the shape of the curve and for numerical calculations.
In Table 6 we present also the transformed coefficients for bolus injection. The last coefficient is very small, a fraction of a percent of the total sum, and in practice would not be detected in experiments with single injections.
We have used the data of Table 6 in trying to analyse the system in terms of two well-mixed pools, Vol. 194 [3HILactate turnover The rate of lactate replacement, averaging 16mg/ min per kg body wt., exceeds that of glucose, 8-10mg/min per kg body wt. (Katz et al., 1974b and fatty acids (Clark et al., 1974; Bloxham et al., 1977) . Lactate is formed by glycolysis in muscle, and it is also secreted into portal blood by the intestinal mucosa. Further studies are required to account for the source of lactate.
Mean transit time and mass The mean transit time for lactate was obtained from the area of the wash-out curve for ['Hilactate.
The transit time equals the area under the curve divided by plateau specific radioactivity. On theoretical and experimental grounds the estimate is less reliable than that of replacement rate. Also, as we have shown, recycling of 3H affects significantly the area under the wash-out curve, and requires corrections for recycling, an unstable operation. The mean transit time, corrected for recycling, was about 3 min, or one-third of the lactate is turned over per min. The specific-radioactivity curve after bolus injection is proportional to a plot of frequency distributions of transit times (Zierler, 1962) , and hence the area under the curve, and the (unprimed) infusion or wash-out curves are proportional to the cumulative transit time. For example, if in unprimed infusion the specific radioactivity at 3 min were 67% of the plateau value, it would follow that two-thirds of the lactate has a transit time of 3 min or less, and that one-third has a transit time of more than 3 min. From Table 1 it is seen that about 50% of the dose has been detritiated in the A-VC mode in the first min. The maximal radioactivity in plasma water was attained in about 1 min. It appears that most of the lactate is turned over rapidly, but the turnover is not uniform in all body compartments and a relatively small part has a lower turnover rate.
The mass of lactate is the product of replacement rate and mean transit time. This approach has been rarely used. Conventionally lactate mass has been estimated by multiplying plasma concentration by an arbitrarily assumed volume of distribution. Our findings agree with a mean volume of about 65% of body weight; however, there was considerable variability in lactate space (Table 2) . With [14C]ilactate the rather prolonged time to approach constant specific radioactivity in infusion, and the rather long mean transit time, about 1 h, were unexpected. It appears that lactate carbon exchanges with a large body of carbon, of the order of 500mg/kg body wt. This is more than the combined mass of lactate, pyruvate, alanine and glucose. An exchange with some amino acid pools may serve as source of carbon, but further studies are required.
Practical aspectsfor the study oflactate turnover
The rapid very early decay of 3H-labelled lactate specific radioactivity causes experimental difficulties with bolus injection. This is most pronounced in the V-A mode. This is also the case with other 3H-labelled compounds, such as alanine and glycerol. Kallai-Sanfacon et al. (1978) recommended the use of a power function to obtain by extrapolation the early part of specific-radioactivity curves. However, this method requires very early sampling to obtain the time of maximal specific radioactivity. Continuous infusion with 3H-labelled compounds is much easier and more reliable than is single injection. The determination of the kinetics and of the coefficients and exponents for exponential curve-fitting is much easier from wash-out curves.
The (Depocas & Freitas, 1970) . This approach was used by Freminet & Poyart (1975) ; however, they employed the V-A mode. Kusaka & Ui (1977) employed "4C-labelled glucose, lactate and alanine in such a study, but did not use the A-VC mode. The use of compounds doubly labelled with 3H and 14C would, with a little extra work, enhance the information obtainable from such studies. It appears that our study is the first to point out the great significance of sites of tracer injection and sampling in the study of the tracer kinetics. The mode of tracer administration seems to make little difference with compounds of slow turnover, but is of great importance in the study of lactate, alanine, glycerol and probably other compounds with rapid turnover that are present in both intracellular and extracellular space. The possibility to sample a system at two sites should lead to better interpretation of tracer kinetics and more complex knowledge on the metabolism of these compounds. Unfortunately, the use of two modes also doubles the experimental work, and complicates the interpretation. Our findings support the conclusion that, Vol. 194 for employment of a single method of tracer administration, the A-VC mode is, within the limitations of the underlying assumptions of tracer theory, the method of choice to study lactate turnover. Most previous studies of lactate and alanine, and similar compounds, employed the V-A mode, and most of the published results require re-examination. It is to be hoped that future studies will integrate the results of the two modes, and lead to a more realistic model of lactate metabolism than we have now.
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